Abstract. Extensive research over the past half century has shown that curcumin (diferuloylmethane), a component of the golden spice turmeric (Curcuma longa), can modulate multiple cell signaling pathways. Extensive clinical trials over the past quarter century have addressed the pharmacokinetics, safety, and efficacy of this nutraceutical against numerous diseases in humans. Some promising effects have been observed in patients with various pro-inflammatory diseases including cancer, cardiovascular disease, arthritis, uveitis, ulcerative proctitis, Crohn's disease, ulcerative colitis, irritable bowel disease, tropical pancreatitis, peptic ulcer, gastric ulcer, idiopathic orbital inflammatory pseudotumor, oral lichen planus, gastric inflammation, vitiligo, psoriasis, acute coronary syndrome, atherosclerosis, diabetes, diabetic nephropathy, diabetic microangiopathy, lupus nephritis, renal conditions, acquired immunodeficiency syndrome, β-thalassemia, biliary dyskinesia, Dejerine-Sottas disease, cholecystitis, and chronic bacterial prostatitis. Curcumin has also shown protection against hepatic conditions, chronic arsenic exposure, and alcohol intoxication. Dose-escalating studies have indicated the safety of curcumin at doses as high as 12 g/day over 3 months. Curcumin's pleiotropic activities emanate from its ability to modulate numerous signaling molecules such as pro-inflammatory cytokines, apoptotic proteins, NF-κB, cyclooxygenase-2, 5-LOX, STAT3, C-reactive protein, prostaglandin E 2 , prostate-specific antigen, adhesion molecules, phosphorylase kinase, transforming growth factor-β, triglyceride, ET-1, creatinine, HO-1, AST, and ALT in human participants. In clinical trials, curcumin has been used either alone or in combination with other agents. Various formulations of curcumin, including nanoparticles, liposomal encapsulation, emulsions, capsules, tablets, and powder, have been examined. In this review, we discuss in detail the various human diseases in which the effect of curcumin has been investigated.
INTRODUCTION
Despite considerable efforts, the prevalences of complex multigenic human diseases such as cardiovascular diseases, metabolic diseases, cancer, and neurological diseases have not decreased significantly in recent years. A number of monotargeted "smart" drugs have emerged over the past decade; however, the aforementioned diseases are caused by perturbations of multiple signaling pathways. Thus, attacking only one of these multiple pathways is highly unlikely to be effective (1, 2) . In addition, such monotargeted "smart" drugs are often very expensive and can produce numerous adverse effects. These features of monotargeted drugs underscore the importance of multitargeted, innocuous, inexpensive, and readily available dietary agents or nutraceuticals for the prevention and treatment of human diseases. Curcumin is one such widely studied nutraceutical that was first discovered about two centuries ago by Harvard College laboratory scientists Vogel and Pelletier from the rhizomes of Curcuma longa (turmeric) (3, 4) .
Curcumin is a highly pleiotropic molecule that was first shown to exhibit antibacterial activity in 1949 (5) . Since then, this polyphenol has been shown to possess anti-inflammatory, hypoglycemic, antioxidant, wound-healing, and antimicrobial activities (6) . Extensive preclinical studies over the past three decades have indicated curcumin's therapeutic potential against a wide range of human diseases (7) . In addition, curcumin has been shown to directly interact with numerous signaling molecules (8) . These preclinical studies have formed a solid basis for evaluating curcumin's efficacy in clinical trials.
Although the therapeutic use of Curcuma was recorded as early as 1748 (9) , the first article referring to the use of curcumin in human disease was published in 1937 by Oppenheimer (10) . In this study, the author examined the effects of "curcumen" or "curcunat" containing 0.1 g to 0.25 g sodium curcumin and 0.1 g calcium cholate in human biliary diseases. An intravenous injection of 5% sodium curcumin solution in healthy persons was associated with rapid emptying of the gallbladder. The author treated 67 patients with subacute, recurrent, or chronic cholecystitis. Oral administration of curcunat for 3 weeks showed remarkably good results against cholecystitis. All but one patient were completely cured of the disease throughout periods of observation lasting from 3 months to more than 3 years. No ill effects were observed or reported, even when the medication was continued for many consecutive months (10) . Since this initial identification, interest in curcumin research in human participants has increased remarkably (Fig. 1a) . As of July 2012, observations from almost 67 clinical trials have been published, whereas another 35 clinical trials are in progress.
The safety, tolerability, and nontoxicity of curcumin at high doses are well established by human clinical trials (3, 4) . Our own group found that curcumin at 8 g/day in combination with gemcitabine was safe and well-tolerated in patients with pancreatic cancer (11, 12) . The clinical trials conducted thus far have indicated the therapeutic potential of curcumin against a wide range of human diseases. It has also shown protection against hepatic conditions, chronic arsenic exposure, and alcohol intoxication (Fig. 1b) . In these clinical trials, curcumin has been used either alone or in combination with other agents such as quercetin, gemcitabine, piperine, docetaxel, soy isoflavones, bioperine, sulfasalazine, mesalamine, prednisone, lactoferrin, N-acetylcysteine, and pantoprazole (Table I) .
How a single agent can possess these diverse effects has been an enigma over the years, both for basic scientists and clinicians. However, numerous lines of evidence have indicated curcumin's ability in human participants to modulate multiple cell signaling molecules such as pro-inflammatory cytokines (tumor necrosis factor [TNF]-α, interleukin [IL]-1β, IL-6), apoptotic proteins, NF-κB, cyclooxygenase (COX)-2, STAT3, IKKβ, endothelin-1, malondialdehyde (MDA), Creactive protein (CRP), prostaglandin E 2 , GST, PSA, VCAM1, glutathione (GSH), pepsinogen, phosphorylase kinase (PhK), transferrin receptor, total cholesterol, transforming growth factor (TGF)-β, triglyceride, creatinine, HO-1, antioxidants, AST, and ALT (Table II) .
Although curcumin has shown efficacy against numerous human ailments, poor bioavailability due to poor absorption, rapid metabolism, and rapid systemic elimination have been shown to limit its therapeutic efficacy (75) . As a result, numerous efforts have been made to improve curcumin's (29) 75 1 g/day, 7 day Increased vitamins C and E levels, decreased MDA and 8-OHdG contents in the serum and saliva (30) Head and neck cancer 39 2 tablets Decreased IKKβ kinase activity and IL-8 levels in the saliva (31) Inflammatory diseases
Crohn disease 5 1.08 g/day, 1 month + 1.44 g/day, 2 months Significant reductions in CDAI and inflammatory indices in patients (32) Ulcerative proctitis 5 1.1 g/day for 1 month + 1.65 g/day for 1 month Significant reduction in symptoms as well as inflammatory indices in patients (32) Ulcerative colitis (36) 8 0.5 g in food Increased bowel motility and activated hydrogen producing bacterial flora in the colon (37) Rheumatoid arthritis 18 1.2 g/day; 2 weeks Improved joint swelling, morning stiffness, and walking time (38) 45 0.5 g/day; 8 weeks Improved the RA symptoms in patients alone and in combination with diclofenac sodium (39) Osteoarthritis 50 0.2 g/day; 3 months Efficacious in the management andtreatment of osteoarthritis (40) 100 1 g/day; 8 months Efficacious in the long-term management of osteoarthritis (41) Chronic anterior uveitis 53 1.125 g/day; 12 weeks Efficacy and recurrence of the disease comparable to that for corticosteroid therapy without any adverse effect (42) Recurrent anterior uveitis 106 1.2 g/day; 12-18 months Reduced the eye discomfort after a few weeks of treatment in more than 80% of patients (43) Postoperative inflammation 46 1.2 g/day; 6 day Exhibited superior anti-inflammatory property compared with phenylbutazone (44) Gastric ulcer 60 1 g/day; 6-12 weeks Reduced ulcer formation after 12 weeks (45) Peptic ulcer 45 
g/day; 4 weeks
Reduced ulcer formation (46) H. pylori infection 25 0.06 g/day; 1 week a Improved dyspeptic symptoms and reduced serologic signs of gastric inflammation (47) bioavailability by altering these features. The use of adjuvants that can block the metabolic pathway of curcumin is the most common strategy for increasing the bioavailability of curcumin. The effect of combining piperine, a known inhibitor of hepatic and intestinal glucuronidation, was evaluated on the bioavailability of curcumin in healthy human volunteers (76) . In humans receiving a dose of 2 g of curcumin alone, serum levels of curcumin were either undetectable or very low. Concomitant administration of 20 mg of piperine with curcumin, however, produced much higher concentrations within 30 min to 1 h after drug treatment; piperine increased the bioavailability of curcumin by 2,000%. Other promising approaches to increase the bioavailability of curcumin in humans include the use of nanoparticles (73) , liposomes (77) , phospholipid complexes (78) , and structural analogues (75) . Meriva is a patented phytosome complex of curcumin with soy phosphatidylcholine that has better bioavailability than curcumin. The absorption of a curcuminoid mixture and Meriva was examined in a randomized, double-blind, crossover human study (78) . Total curcuminoid absorption was about 29-fold higher for the Meriva mixture than it was for the corresponding unformulated curcuminoid mixture. Interestingly, the phospholipid formulation increased the absorption of demethoxylatedcurcuminoids much more than that of curcumin (78) . The bioavailability of curcumin has also been shown to be greatly enhanced by reconstituting curcumin with the non-curcuminoid components of turmeric (79) . Most of the curcumin's clinical studies have been focused mainly on people with health problems. A recent study, however, evaluated the health-promoting efficacy of lipidated curcumin in healthy middle aged participants (40-60 years old). In this study, the participants were given either lipidated curcumin (80 mg/day) or placebo for 4 weeks. Curcumin, but not placebo, produced decrease in salivary amylase and in the plasma levels of triglycerides, beta amyloid, alanine amino transferase, and sICAM. Furthermore, curcumin administration in these participants increased salivary radical scavenging capacities and activities in plasma catalase, myeloperoxidase, and nitric oxide production. Overall, these results demonstrated the healthpromoting effects of lipidated curcumin in healthy middle aged people (80) .
Although relatively pure curcumin has been used in some human studies, most studies have used either a mixture of curcuminoids or even turmeric, from which curcuminoids (81) . It is marketed in several forms, including capsules, tablets, ointments, energy drinks, soaps, and cosmetics. In the following sections, we summarize the studies documenting the activities of curcumin against numerous diseases in human participants and its mechanisms of action.
COMPLETED CLINICAL TRIALS Cancer Therapy
Cancer is a multistage process involving a series of events and resulting from the dysregulation of more than 500 genes at multiple steps in cell signaling pathways (82) . Although currently available monotargeted cancer therapeutics have had some effect, these drugs are associated with numerous adverse effects and are expensive. The current paradigm for cancer treatment is either to combine several monotargeted drugs or to design drugs that modulate multiple targets. Because of its multitargeting activities, curcumin has exhibited activities against numerous cancer types in human clinical trials.
Probably the first indication of curcumin's anticancer activities in human participants was shown in 1987 by Kuttan and co-workers (26) , who conducted a clinical trial involving 62 patients with external cancerous lesions. Topical curcumin was found to produce remarkable symptomatic relief as evidenced by reductions in smell, itching, lesion size, and pain. Although the effect continued for several months in many patients, only one patient had an adverse reaction (26) . Since then, curcumin, either alone or in combination with other agents, has demonstrated potential against colorectal cancer, pancreatic cancer, breast cancer, prostate cancer, multiple myeloma, lung cancer, oral cancer, and head and neck squamous cell carcinoma (HNSCC).
Colorectal Cancer
Colorectal cancer (CRC) is the second leading cause of cancer deaths in the United States, with 143,460 new cases and 51,690 deaths expected in 2012. Currently, there is no effective treatment except resection at a very early stage with or without chemotherapy. Thus, new strategies are needed to replace or complement current therapies. Curcumin has demonstrated potential against CRC in numerous clinical trials.
A dose-escalation pilot study evaluated the pharmacokinetics and pharmacodynamics of a standardized Curcuma extract in proprietary capsule form at doses between 440 and 2,200 mg/day, containing 36-180 mg of curcumin (13) . Fifteen patients with advanced CRC refractory to standard chemotherapies received Curcuma extract daily for up to 4 months. Activity of glutathione S-transferase and levels of M 1 G, a marker of DNA adduct formation, were measured in patients' blood cells. Oral Curcuma extract was well-tolerated, and dose-limiting toxicity was not observed. Neither curcumin nor its metabolites were detected in blood or urine, but curcumin was recovered from feces. Curcumin sulfate was identified in the feces of one patient. Ingestion of 440 mg of Curcuma extract containing 36 mg of curcumin for 29 days was accompanied by a 59% decrease in lymphocytic glutathione S-transferase activity. At higher dose levels, however, the effect was not observed. Leukocytic M 1 G levels were constant within each patient and unaffected by treatment (13) .
In another dose-escalation study that explored the pharmacology of curcumin in humans (14) , 15 patients with advanced CRC refractory to standard chemotherapies consumed capsules compatible with curcumin doses of between 0.45 and 3.6 g/day for up to 4 months. Levels of curcumin and its metabolites in plasma, urine, and feces were analyzed. Curcumin and its glucuronide and sulfate metabolites were detected in plasma in the 10 nmol/L range and in urine. A daily dose of 3.6 g of curcumin caused 62% and 57% decrease in inducible prostaglandin E 2 production in blood samples taken 1 h after the dose was administered on days 1 and 29, respectively. A daily oral dose of 3.6 g of curcumin was recommended for the phase II evaluation in the prevention or treatment of cancers outside the gastrointestinal tract (14) .
In another study, patients were given curcumin capsules at three different doses (3.6, 1.8, and 0.45 g/day) for 7 days (15) . The recoveries of curcumin in normal and malignant colorectal tissues of patients receiving 3.6 g of curcumin were 12.7±5.7 and 7.7±1.8 nmol/g, respectively. In addition, two metabolites of curcumin, curcumin sulfate and curcumin glucuronide, were identified in the tissue samples. Trace levels of curcumin were found in the peripheral circulation. The levels of M 1 G were also decreased by curcumin treatment in malignant colorectal tissue. However, levels of COX-2 were unaffected by curcumin. The study concluded that a daily dose of 3.6 g of curcumin is pharmacologically efficacious in CRC patients (15) .
Curcumin has also demonstrated potential for the prevention and treatment of CRC in combination with other agents. Familial adenomatous polyposis (FAP) is an autosomal-dominant disorder characterized by hundreds of colorectal adenomas that eventually develop into CRC. Although nonsteroidal anti-inflammatory drugs (NSAIDs) and COX-2 inhibitors have been shown to reduce the adenomas in this syndrome, these drugs produce numerous adverse effects. One study evaluated whether the combination of curcumin and quercetin could suppress adenomas in patients with FAP (16) . Five patients with FAP who had undergone prior colectomy received combinations of curcumin (480 mg) and quercetin (20 mg) orally three times a day, and the number and size of polyps were assessed at baseline and after therapy. The number and size of polyps had decreased after 6 months of combination treatment without any appreciable toxicity in the five patients (Fig. 2a) . Although the combinations seemed to reduce the adenomas, randomized controlled trials are needed to further validate these findings (16) .
In a nonrandomized, open-label clinical trial in smokers, polyphenol reduced the formation of aberrant crypt foci (ACF), the precursor of colorectal polyps (17) . In this study, 44 smokers were given curcumin orally at two different doses (2 or 4 g/day) for 30 days. The levels of procarcinogenic eicosanoids, prostaglandin E 2 , and 5-hydroxyeicosatetraenoic acid in ACF or normal flat mucosa were unaffected by the curcumin treatment at lower doses. Curcumin at 4 g/day, however, significantly reduced ACF formation. The reduction in ACF formation by curcumin was associated with a significant fivefold increase in post-treatment plasma curcumin/conjugate levels. Curcumin was well-tolerated at both concentrations. These findings demonstrated the effect of curcumin against ACF formation in smokers (17) . However, if the mechanism by which curcumin reduces ACF formation can be identified, it might further strengthen curcumin's utility as a cancer chemopreventive agent.
In another recent study, curcumin was administered to patients with CRC after diagnosis and before surgery (18) . Curcumin (360 mg in a capsule form) was given three times a day for 10-30 days. Curcumin administration increased body weight, decreased serum TNF-α level, increased the number of apoptotic cells, and enhanced the expression of p53 in tumor tissue. The authors of this study concluded that curcumin treatment can improve the general health of CRC patients via the mechanism of increased p53 expression in tumor cells (18) . However, such a correlation does not necessarily mean that p53 induction by curcumin can improve the general health of patients with CRC. Further studies are necessary to confirm these claims.
In summary, the studies discussed in this section suggest curcumin's safety and efficacy in patients with CRC. Larger randomized and well-controlled clinical trials will further confirm curcumin's clinical efficacy against CRC.
Pancreatic Cancer
Pancreatic cancer is the fourth most common cause of cancer death across the globe (83) . It often develops without early symptoms and is diagnosed at an advanced stage. Tropical pancreatitis is a type of chronic pancreatitis common in tropical populations. If the disease persists longer, patients with tropical pancreatitis may develop pancreatic cancer. Because oxidative stress is believed to be one of the causes of tropical pancreatitis, use of antioxidants may improve this condition. A single-blind, randomized, placebo-controlled study from India was conducted to evaluate the effects of oral curcumin with piperine on the pain and markers associated with oxidative stress in patients with tropical pancreatitis (19) . Twenty patients with tropical pancreatitis were randomly assigned to receive 500 mg of curcumin with 5 mg of piperine or to receive placebo for 6 weeks, and the effects on the pattern of pain and on red blood cell (RBC) levels of MDA and GSH were assessed. The results indicated a significant reduction in the erythrocyte MDA levels compared with placebo after curcumin therapy, with a significant increase in GSH levels (Fig. 2b) . The pain, however, was not improved by curcumin administration. The authors of this study concluded that oral curcumin with piperine may reverse lipid peroxidation in patients with tropical pancreatitis (19) .
Curcumin was found safe and well-tolerated in a phase II clinical trial of patients with advanced pancreatic cancer (12) . Of the 25 patients enrolled in the study, 21 were evaluable for response. Patients were given 8 g of curcumin per day orally until disease progression, with restaging every 2 months. Circulating curcumin was detectable as the glucuronide and sulfate conjugate forms, albeit at low steady-state levels, suggesting poor oral bioavailability. Two patients showed clinical biological activity, and one had ongoing stable disease for more than 18 months. Interestingly, one additional patient had a brief, but marked, tumor regression accompanied by significant increases in serum cytokine levels (IL-6, IL-8, IL-10, and IL-1 receptor antagonists). No toxicities associated with curcumin administration were noted in the patients. A downregulation in the expression of NF-κB, COX-2, and pSTAT3 in peripheral blood mononuclear cells of patients was observed after curcumin intake. There was considerable interpatient variation in plasma curcumin levels, and drug levels peaked at 22 to 41 ng/ml and remained relatively constant over the first 4 weeks. The study concluded that the oral curcumin is well-tolerated and, despite limited absorption, has biological activity in some patients with pancreatic cancer (12) .
An open-label phase II trial evaluated the efficacy of curcumin in combination with gemcitabine against advanced pancreatic cancer (20) . Seventeen patients enrolled in the study received 8 g of curcumin orally per day for 4 weeks; )]. GSH, glutathione; MDA, malondialdehyde gemcitabine was given concurrently at an intravenous dose of 1,000 mg/m 2 three times a week. Eleven patients were eligible for evaluation of the efficacy of this combination since curcumin or the whole treatment was discontinued very early due to toxicity in five patients and sudden death in one patient. One of the 11 evaluable patients (9%) showed a partial response; four (36%) had stable disease, and six (55%) had tumor progression. Time to tumor progression was 1-12 months (median, 2.5 months), and overall survival was 1-24 months (median, 5 months). The authors of this study concluded that a curcumin dose of 8 g/day is above the maximum tolerated dose when taken with gemcitabine and that the efficacy of the combinations seemed modest. A large number of patients are needed to draw a solid conclusion (20) . Kanai et al. recently evaluated the safety and feasibility of combinations of curcumin and gemcitabine in 21 patients with gemcitabine-resistant pancreatic cancer. Curcumin at 8 g/ day in combination with gemcitabine was safe and welltolerated (11).
Breast Cancer
Breast cancer is the second most common cause of cancer death in women and is very rare in men. According to one estimate, almost 226,870 new cases of invasive breast cancer are expected to occur among women in the United States during 2012. Docetaxel, a microtubule inhibitor, has been commonly used either as a single agent in metastatic disease or in combination with other chemotherapeutic agents in early stages of breast cancer. The feasibility and tolerability of the combination of docetaxel and curcumin in patients with advanced and metastatic breast cancer were evaluated in an open-label phase I trial (21) . Fourteen patients with advanced or metastatic breast cancer were enrolled in the study. Docetaxel (100 mg/m 2 ) was administered as a 1-h intravenous infusion every 3 weeks on day 1 for six cycles. Curcumin was given orally from 0.5 g/day for seven consecutive days by cycle (from day−4 to day+2) and escalated until a dose-limiting toxicity occurred. The primary endpoint was to determine the maximal tolerable dose of the combination of dose-escalating curcumin and the standard dose of docetaxel chemotherapy in advanced and metastatic breast cancer patients. Secondary objectives included toxicity, safety, vascular endothelial growth factor and tumor markers measurements, and assessment of objective and clinical responses to the combination therapy. The maximum tolerable dose of curcumin was found to be 8 g/day, whereas the recommended dose was 6 g/day for seven consecutive days every 3 weeks in combination with a standard dose of docetaxel (21) .
Prostate Cancer
Prostate cancer is the most common malignancy of men. According to the American Cancer Society's most recent estimates, 241,740 new cases of prostate cancer will occur in the United States during 2012. The disease is normally monitored by the prostate-specific antigen (PSA) test. An elevated level of PSA per se reflects the risk of developing prostate cancer. Thus, intervention to improve the PSA level may help prevent prostate cancer. A randomized, doubleblind, controlled study evaluated the effects of soy isoflavones and curcumin on serum PSA levels in men who underwent prostate biopsies because of increased PSA but who had negative findings for prostate cancer (22) . Eighty-five participants were randomly assigned to take a supplement containing isoflavones and curcumin or placebo daily. Participants were subdivided by the cut-off of their baseline PSA value at 10 ng/ml. Forty-three participants were given a combination of 100 mg of curcumin and 40 mg of isoflavones, and 42 were given placebo for 6 months. PSA values were evaluated before and 6 months after treatment. PSA levels decreased in the patient group, with PSA values greater than10ng/ml among those who received supplementation containing isoflavones and curcumin (Fig. 3a) . These results indicated that isoflavones and curcumin could modulate serum PSA levels. The authors of this study concluded that curcumin presumably synergizes with isoflavones to suppress PSA production (22) .
Multiple Myeloma
Multiple myeloma, also known as plasma cell myeloma, is a generalized malignancy of plasma cells associated with diverse clinical features, including bone lesions, hypercalcemia, anemia, and renal failure. It is the second most common hematological cancer in the United States after non-Hodgkin lymphoma. While advances in treatment, including the use of bortezomib (Velcade), thalidomide, and lenalidomide (Revlimid), have improved patient outcomes, multiple myeloma remains an incurable disease for most patients.
Monoclonal gammopathy of undetermined significance (MGUS) is a common premalignant plasma cell proliferative disorder with a lifelong risk of progression to multiple myeloma. The disease is characterized by a serum M-protein value of <30 g/L, fewer than 10% plasma cells in the bone marrow, no or a low amount of M protein in the urine, absence of lytic bone lesions, anemia, and renal insufficiency (84). Golombick et al. (23) conducted a single-blind, crossover pilot study to determine the effects of curcumin on plasma cells and osteoclasts in patients with MGUS. Twenty-six patients with MGUS who enrolled in this study were randomly assigned to two groups. In group 1, 17 patients were given curcumin at the study start and were then crossed over to placebo after 3 months. In group 2, nine patients were given placebo initially and then crossed over to curcumin. Curcumin decreased the paraprotein load in the ten patients with paraprotein >20 g/L, and five of these ten had a 12% to 30% reduction in paraprotein levels while receiving curcumin therapy. In addition, 27% of patients receiving curcumin had a >25% decrease in urinary N-telopeptide of type I collagen (23) . The study suggested the therapeutic potential of curcumin against MGUS.
Vadhan-Raj et al. (24) evaluated the safety, tolerability, and clinical efficacy of curcumin in 29 patients with asymptomatic, relapsed, or plateau phase multiple myeloma. Curcumin was given either alone (orally at 2, 4, 6, 8, or 12 g/day in two divided doses) or in combination with bioperine (10 mg in two divided doses) for 12 weeks. Curcumin and bioperine were well-tolerated, with no significant adverse events. Of the 29 evaluable patients, 12 continued treatment for more than 12 weeks, and five patients (one at a dose of 4 g, two at 6 g, and two at 8 g) completed a full year of treatment with stable disease.
Peripheral blood mononuclear cells from 28 patients examined at baseline showed constitutively active NF-κB, COX-2, and STAT3. Furthermore, oral administration of curcumin was associated with significant downregulation in the constitutive activation of NF-κB and STAT3, and it suppressed COX-2 expression in most of the patients. These observations suggest the potential of curcumin against multiple myeloma (24); however, well-controlled clinical trials with larger number of patients are required to confirm the efficacy of curcumin against multiple myeloma.
Lung Cancer
Smokers excrete significant amounts of mutagens in the urine and are at high risk of developing lung cancer. Whereas smoking increases the risk for mutagenicity and lung cancer, dietary factors including turmeric reduce the risk. One study assessed the anti-mutagenic effects of turmeric in 16 chronic smokers and six non-smokers who served as a control (25) . When given at 1.5 g/day for 30 days, turmeric significantly reduced the urinary excretion of mutagens in the smokers, but in the control group, no changes in the urinary excretion of mutagens were observed. Furthermore, turmeric had no significant effect on serum aspartate aminotransferase and alanine aminotransferase, blood glucose, creatinine, or lipid profile (25) . Authors of this study suggested that dietary turmeric can act as an effective anti-mutagen in smokers and can reduce the risk of lung cancer.
Cancer Lesions
Oral cancer is one of the leading cancers of the Indian subcontinent and is associated mostly with tobacco chewing. The most common precancerous oral lesions such as oral submucous fibrosis, oral leukoplakia, and oral lichen planus are associated with tobacco chewing. In addition to tobacco chewing, numerous other factors contribute to the onset of oral lichen planus including the use of NSAIDs, sulfonylureas, anti-malarials, and β-blockers as well as genetic factors and stress conditions (85) . The patients experiencing these lesions show an increase in the number of micronuclei in their exfoliated oral mucosal cells and in circulating lymphocytes. Thus, the number of micronucleated oral mucosal cells can be used as a biomarker for predicting the clinical course of oral pre-cancers and early invasive cancer, and for assessing the potential of therapeutic agents.
One study evaluated the effects of alcoholic extracts of turmeric oil and turmeric oleoresin on the number of micronuclei in healthy participants and in patients with submucous fibrosis (27) . None of the extracts had any effects on the number of micronuclei in lymphocytes from healthy participants. All three extracts, however, offered protection against benzo[a]pyrene-induced increase in micronuclei in patients circulating lymphocytes. In another set of experiments, patients with submucous fibrosis were given a daily oral dose of turmeric oil (600 mg) plus turmeric (3 g), turmeric oleoresin (600 mg) plus turmeric (3 g), or turmeric alone (3 g) for 3 months. Results indicated that all three treatment modalities decreased the number of micronucleated cells both in exfoliated oral mucosal cells and in circulating lymphocytes (Fig. 3b) . However, turmeric oleoresin was more effective in Another phase I study evaluated the toxicology, pharmacokinetics, and biologically effective dose of curcumin in patients with resected urinary bladder cancer, arsenic-associated Bowen disease of the skin, uterine cervical intraepithelial neoplasm (CIN), oral leucoplakia, and intestinal metaplasia of the stomach (28) . A total of 25 patients were enrolled in this study. Curcumin was given orally for 3 months, and biopsy of the lesion sites was done immediately before and 3 months after initiation of curcumin treatment. No treatment-related toxicity occurred with doses up to 8 g/day. At doses higher than 8 g/day, however, the bulky volume of the drug was unacceptable to the patients. The serum concentration of curcumin usually peaked at 1 to 2 h after curcumin intake and gradually declined within 12 h. However, urinary excretion of curcumin was undetectable. One of four patients with CIN and one of seven with oral leucoplakia developed frank malignancies in spite of curcumin treatment. In contrast, histologic improvement of precancerous lesions was seen in one of two patients with resected bladder cancer, two of seven patients of oral leucoplakia, one of six patients of intestinal metaplasia of the stomach, one of four patients with CIN, and two of six patients with Bowen disease (28) . These data demonstrate the safety of curcumin at doses up to 8 g/day taken orally for 3 months. The study also suggested the chemopreventive potential of curcumin against cancerous lesions.
A randomized, double-blind, placebo-controlled trial was conducted in 100 patients with oral lichen planus to evaluate the efficacy of curcuminoids (29) . The trial included two interim analyses, and the participants were randomly assigned to receive either placebo or curcuminoids at 2 g/day for 7 weeks. In addition, all participants received prednisone at 60 mg/day for the first week. The primary outcome was a change in symptoms from baseline, and secondary outcomes were changes in clinical signs and occurrence of any side effects. The results of the first interim analysis using data from 33 participants did not show any significant difference between the placebo and curcuminoid groups. Conditional power calculations suggested that the likelihood of the curcuminoid group having significantly better outcome than that of the placebo group if the trial were to be completed was less than 2%. Therefore, the study was ended before completion. However, curcuminoids were well-tolerated. For future studies of efficacy, the authors suggested the use of a larger sample size and a higher dose and/or longer duration of curcuminoids without an initial course of prednisone (29) . Since the earlier studies had examined the effects of alcoholic extracts of turmeric, turmeric oil, and turmeric oleoresin in patients with submucous fibrosis (27) but the later study used curcumin (29) , it remains unclear whether differences in the preparations accounted for the differences in results.
More recently, administration of a 1-g curcumin tablet (900 mg of curcumin, 80 mg of demethoxycurcumin, 20 mg of bisdemethoxycurcumin) for 1 week was associated with an increase in vitamins C and E levels and a decrease in MDA and 8-hydroxydeoxyguanosine (8-OHdG) contents in the serum and saliva of patients with precancerous lesions (30) .
Head and Neck Squamous Cell Carcinoma
HNSCC is the sixth most common cancer worldwide, with approximately 600,000 cases diagnosed per year. HNSCC is a heterogeneous disease that includes oral, laryngeal, and pharyngeal malignancies, with about 40% of these arising in the oral cavity. Despite medical advancements, the 5-year survival rate for patients with HNSCC remains in the range of 40% to 50%. Studies over the past several years have indicated the role of NF-κB and inflammatory molecules such as IL-6, IL-8, and VEGF in the pathogenesis of this disease (86) . Therefore, targeting these signaling molecules might prove useful against HNSCC. Whether curcumin can inhibit IκB kinase β (IKKβ) kinase activity, an enzyme involved in NF-κB activation that suppresses expression of inflammatory cytokines in patients with HNSCC, was investigated (31). A total of 39 patients (13 with dental caries, 21 with HNSCC, and 5 healthy volunteers) participated in this study. Saliva was collected before and 1 h after participants chewed two curcumin tablets for 5 min. Curcumin treatment led to a reduction in IKKβ kinase activity in the salivary cells of patients with HNSCC. Treatment of UM-SCC1 cell lines with curcumin as well as with post-curcumin salivary supernatant showed a reduction of IKKβ kinase activity. Significant reduction in IL-8 levels was seen in post-curcumin samples from patients with dental caries. Although IL-8 expression was reduced in 8 of 21 postcurcumin samples of patients with HNSCC, the data did not reach statistical significance. The authors of this study concluded that IKKβ kinase could be used as a biomarker for detecting the effect of curcumin in HNSCC (31).
Inflammatory Bowel Disease
Inflammatory bowel disease (IBD) is a condition in which the intestines become inflamed. Although the etiology of IBD is not clearly known, it appears to be driven by inflammatory cytokines such as TNF-α. Two major types of IBD are ulcerative colitis and Crohn disease. Whereas ulcerative colitis is limited to the colon, Crohn disease can involve any part of the gastrointestinal tract from the mouth to the anus. Another mild-to-moderate form of ulcerative colitis is called ulcerative proctitis, which involves inflammation of the rectum. Patients with IBD have a significantly higher risk of developing colon cancer than the general population has. Generally, anti-inflammatory drugs, immunosuppressants, and TNF blockers are used to manage IBD. However, the high cost and adverse effects associated with these drugs encourages the use of alternative management options.
One open-label study evaluated the efficacy of curcumin in five patients with ulcerative proctitis and in five patients with Crohn disease (32) . The patients with ulcerative proctitis were given 550 mg of curcumin twice daily for 1 month and then 550 mg three times daily for another month. In the patients with Crohn disease, curcumin was administered at a dose of 360 mg three times a day for 1 month and then 360 mg four times a day for another 2 months. Significant decrease in symptoms as well as in inflammatory indices (erythrocyte sedimentation rate and CRP) were observed in all patients with proctitis. Only four of the five patients with Crohn disease, however, completed the study. There was a mean reduction of 55 points in the Crohn disease activity index, and reductions in erythrocyte sedimentation rate and CRP were observed in these patients. Although this study suggests the efficacy of curcumin against IBD, large doubleblind, placebo-controlled studies are required for confirmation.
Another study evaluated the efficacy of curcumin as maintenance therapy in 89 patients with quiescent ulcerative colitis (33) . For this randomized, double-blind, multicenter trial, 45 patients received curcumin, 1 g after breakfast and 1 g after the evening meal, plus sulfasalazine or mesalamine, and 44 patients received placebo plus sulfasalazine or mesalamine for 6 months. The relapse rates were 4.65% in the curcumin-treated group and 20.51% in the placebo group (Fig. 4a) .
In another recent study, ingestion of oral curcumin at 500 mg/day along with prednisone was associated with clinical and endoscopic remission in a 60-year-old woman with a 17-year history of left-sided ulcerative colitis and enteropathic arthropathy (34) . The patient had been examined for persistently active colitis in December 2009. Both a clinical and endoscopic evaluation confirmed the diagnosis. Previously, multiple mesalamine preparations, sulfasalazine, and steroid enemas had not been effective, and the patient had required multiple courses of steroids for disease exacerbation. She refused azathioprine/6-mercaptopurine and anti-TNF treatment because of possible adverse effects. In addition to 40 mg of prednisone, 500 mg of curcumin per day was given to the patient. After receiving curcumin and prednisone treatment for 1 year, the patient's bowel movements had gone to two per day without blood, she was no longer taking steroids, and she was feeling well. She remained in clinical remission at further clinical evaluations in April, July, and December 2010. A colonoscopy performed in September 2010 showed no ulceration and biopsies consistent with chronic inactive ulcerative colitis (34) . Thus, based on this case study, curcumin represents a viable treatment alternative or adjunctive therapy in the management of chronic ulcerative colitis.
A recent study assessed the effect of curcumin on the levels of p38 mitogen-activated protein kinase (p38 MAPK), IL-1β, IL-10, and matrix metalloproteinase-3 (MMP-3) in the gut of children and adults with IBD (35) . Colonic mucosal biopsies and colonic myofibroblasts from children and adults with active IBD were cultured ex vivo with curcumin. Results indicated suppression in p38 MAPK activation, reduction in IL-1β, and enhancement in IL-10 levels in curcumin-treated mucosal biopsies. Furthermore, dose-dependent suppression of MMP-3 in colonic myofibroblasts was observed after curcumin treatment (35) .
Irritable Bowel Syndrome
Irritable bowel syndrome (IrBS) is a chronic problem of the large intestine. The most common symptoms of IrBS are cramping, abdominal pain, bloating, gas, diarrhea, and constipation. The causes of IrBS are unclear, and there is no commonly accepted cure. A partially blinded, randomized, two-dose, pilot study assessed the effects of turmeric extract on IrBS symptoms in healthy adults (36) . Turmeric was given to the volunteers in tablet form: 102 patients were given one tablet containing 72 mg of standardized turmeric extract, and 105 patients were given two tablets a day, both for 8 weeks. The prevalence of IrBS was reduced by 53% and 60% in the one-tablet and two-tablet groups, respectively, and was associated with a marked decrease in IrBS symptoms (36) . Although these results suggest that turmeric may help reduce IrBS symptoms, placebo-controlled trials are needed to confirm these findings. Another study conducted with eight healthy participants reported that turmeric has the potential to increase bowel motility and to activate hydrogen-producing bacterial flora in the colon (37) .
Arthritis
Arthritis is a chronic disease that results from the inflammation of one or more joints. It usually results from dysregulation of pro-inflammatory cytokines (e.g., TNF, IL-1β) and pro-inflammatory enzymes that mediate the production of prostaglandins (e.g., COX-2) and leukotrienes (e.g., lipoxygenase), together with the expression of adhesion molecules and matrix metalloproteinases. Although more than 100 different kinds of arthritis have been reported, the three most common forms are osteoarthritis, rheumatoid arthritis, and gout. Typically, a combination of exercise, modifications in lifestyle factors, and NSAIDs are used for the treatment of osteoarthritis. The use of NSAIDs, however, is associated with numerous adverse effects. The potential of curcumin against arthritis was first reported in 1980 in a short-term, double-blind, crossover study involving 18 young patients with rheumatoid arthritis (38) . In this study, curcumin's efficacy was compared with that of the prescription drug phenylbutazone. Patients were randomly assigned to receive either curcumin (1.2 g/day) or phenylbutazone (0.3 g/day) for 2 weeks. Curcumin was welltolerated, had no adverse effects, and exerted an antirheumatic activity identical to that of phenylbutazone as shown by improvement in joint swelling, morning stiffness, and walking time. However, one of the major drawbacks of this study was the lack of a control or placebo group (38) . Further well-controlled studies are therefore required to examine the long-term effects of curcumin against rheumatoid arthritis. In another recent study, curcumin alone (0.5 g) and in combination with diclofenac sodium (0.05 g) was found to be safe and effective in 45 patients with rheumatoid arthritis (39) . Furthermore, the level of CRP was suppressed in these patients after curcumin administration (Fig. 4b) .
Another study in 50 patients with osteoarthritis evaluated the efficacy of Meriva at a dose that corresponded to 200 mg of curcumin per day (40) . The signs and symptoms of osteoarthritis were evaluated with use of WOMAC scores, an indicator of pain level. The mobility was assessed by walking performance (treadmill), and inflammatory status was assessed by measuring the levels of CRP. After 3 months of treatment, the global WOMAC score was decreased by 58%; walking distance was increased from 76 m to 332 m, and CRP levels were significantly decreased. In comparison, only modest improvement in these measurements was observed in the control group. Overall, these results suggested the efficacy of Meriva in the management of osteoarthritis (40) . In a subsequent study, this group investigated the long-term efficacy and safety of Meriva in a longer (8-month) study involving 100 patients with osteoarthritis (41). The patients were divided into the control group (50 patients) and the curcumin group (50 patients), in which patients received 1 g/ day of Meriva for 8 months. The WOMAC score was decreased by more than 50%, whereas treadmill walking performance was increased almost threefold compared with the control. Serum inflammatory biomarkers such as IL-1β, IL-6, soluble CD40 ligand, soluble vascular cell adhesion molecule-1, and erythrocyte sedimentation rate were also significantly decreased in the treatment group. In addition, remarkable decreases in gastrointestinal complications, distal edema, and the use of NSAIDs/painkillers by the patients were also noted after Meriva treatment. The need for hospital admissions, consultations, and tests by the patients was also decreased after Meriva treatment. The authors of this study concluded that Meriva is worth considering for the long-term complementary management of osteoarthritis (41) .
Uveitis
Uveitis is an inflammation of the uvea, the middle layer of the eye. Uveitis is a major cause of visual impairment and has been estimated to account for 10% to 15% of all cases of total blindness in the United States. Depending on the anatomical localization and visible signs of the disease, uveitis can be classified into anterior, posterior, pan, and intermediate. The course of the disease can be acute, chronic (>3-month duration), and recurrent. Corticosteroids are normally used for treatment of uveitis. However, the adverse effects associated with these drugs limit their use.
One study evaluated the efficacy of curcumin against chronic anterior uveitis (42). Curcumin was administered orally to patients with chronic anterior uveitis at a dose of 375 mg three times a day for 12 weeks. Of 53 patients enrolled, 32 completed the 12-week study and were divided into two groups. One group of 18 patients received curcumin alone, whereas the other group of 14 patients, who had a strong reaction to tuberculin purified protein derivative, also received anti-tubercular treatment. After 2 weeks of treatment, both groups showed significant improvement in the disease. Whereas all patients who received curcumin alone exhibited improvement, the group receiving anti-tubercular therapy along with curcumin had a response rate of 86%. Furthermore, follow-up of all patients for the next 3 years found recurrence rates of 55% for the first group and 36% for the second group. However, 22% of patients in the first group and 21% of patients in the second group lost their vision in the follow-up period due to various complications in the eyes. The efficacy of curcumin on recurrences after treatment was comparable to that of corticosteroid therapy. Furthermore, lack of any adverse effects with curcumin was an advantage over corticosteroid therapy (42) . A double-blind, multicenter clinical trial with curcumin against chronic anterior uveitis is highly desirable to further validate the results of this study.
One nonplacebo-controlled study evaluated the efficacy of Meriva against recurrent anterior uveitis (43). The study group consisted of 106 patients divided into three main groups of different uveitis origin: group 1 (autoimmune uveitis, 56 patients), group 2 (herpetic uveitis, 28 patients), and group 3 (various etiologies of uveitis, 22 patients). All patients were given Norflo containing 600 mg of Meriva twice daily during the follow-up period (about 12-18 months). The primary end point was relapse frequency in all treated patients, before and after Meriva treatment, followed by the number of relapses in the three etiological groups. The secondary end points were relapse severity and overall quality of life. A total of 106 and 19 patients, respectively, had relapses before and after treatment with Norflo. Furthermore, the total number of relapses was reduced from 275 to 36 after the 1-year treatment with Norflo. Meriva was welltolerated and reduced eye discomfort after a few weeks of treatment in more than 80% of patients. Thus, the study demonstrated the therapeutic role of curcumin and its efficacy against recurrent anterior uveitis (43).
Postoperative Inflammation
In a study of curcumin's anti-inflammatory properties, Satoskar et al. (44) evaluated the effects of this polyphenol on spermatic cord edema and tenderness in 46 men (15-68 years old) who had just undergone surgical repair of an inguinal hernia and/or hydrocele. After surgery, patients were randomly assigned to receive curcumin (400 mg), placebo (250 mg lactose powder), or phenylbutazone (100 mg) three times a day for 6 days. Spermatic cord edema, spermatic cord tenderness, operative site pain, and operative site tenderness reflected by intensity score (TIS) were measured. TIS on day 6 decreased by 84.2% in the curcumin group, by 61.8% in placebo group, and by 86% in phenylbutazone group. Although TIS values for the curcumin and phenylbutazone groups were similar on day 6, curcumin proved to be superior by reducing all four measures of inflammation (44) .
Peptic Ulcer
Peptic ulcers are the most common ulcer of the gastrointestinal tract and can be extremely painful. These ulcers are usually open sores that develop on the inner lining of the esophagus, stomach, and the upper portion of the small intestine. If the peptic ulcer is located in the stomach, it is called a gastric ulcer. According to one estimate, 5% to 10% of adults globally are affected by peptic ulcers at least once in their lifetime. The preferred medications for peptic ulcers include proton pump inhibitors, histamine receptor blockers, and antibiotics to kill a Helicobacter pylori infection. A randomized controlled clinical trial from Thailand compared the efficacy of turmeric and liquid antacid (containing 333 g of aluminum hydroxide and 33.3 g of magnesium hydroxide per 1,000 ml) against benign gastric ulcers (45). Of the 60 patients who participated in the study, 30 received turmeric (250 mg, four times per day), and the other 30 received antacid (30 ml, four times per day). The treatment was continued for 6 to 12 weeks. Although both antacid and turmeric improved gastric ulcers in patients, the former was better in reducing the ulcers (45) .
A phase II clinical trial from Thailand evaluated the safety and efficacy of curcumin in patients with peptic ulcers (46) . Forty-five patients (24 men and 21 women, aged 16-60 years) were included in the study. Twenty-five patients (18 men and 7 women) underwent endoscopy, and their ulcers were found in the duodenal bulb and gastric (angulus) region. The remaining 20 patients did not have ulcers but appeared to have erosions, gastritis, and dyspepsia. Two capsules (300 mg each) of turmeric were given orally five times daily over a period of 4 weeks. Results after 4 weeks of treatment showed that ulcers were absent in 12 patients; after 8 weeks of treatment, ulcers were absent in 18 patients; and after 12 weeks of treatment, ulcers were absent in 19 patients. The remaining patients had symptomatic relief after turmeric treatment (46).
H. pylori Infection
H. pylori is one of the most widespread infectious agents and is the common cause of peptic ulcers. The bacterium is also involved in the pathogenesis of several other diseases, such as mucosa-associated lymphoid tissue lymphoma, gastric adenocarcinoma, iron deficiency anemia, skin disease, and rheumatologic conditions (87) . The most commonly used treatment regimens for H. pylori infection include the use of proton pump inhibitors and antibiotics. However, these medications are associated with adverse effects. One study investigated the effectiveness of 7-day non-antibiotic therapy (including curcumin, lactoferrin, N-acetylcysteine, and pantoprazole) for eradication of H. pylori infection and reduction of gastric inflammation (47) . Twenty-five H. pylori-positive patients with functional dyspepsia were enrolled in the study, and the outcomes evaluated were H. pylori eradication, gastric inflammation, and relief of symptoms. Patients were treated twice a day for 7 days with curcumin (30 mg), bovine lactoferrin (100 mg), N-acetylcysteine (600 mg), and pantoprazole (20 mg). H. pylori status and upper gastrointestinal symptoms were assessed by 13 C-urea breath test and an intensity scale for upper gastrointestinal symptoms (absent, mild, moderate, and severe), as well as a blood test for serum pepsinogens (sPGI, sPGII), gastrin-17 (G-17), and anti-H. pylori IgG (IgG-Hp) at baseline and after 2 months. Results indicated that 3 (12%) of 25 patients were cured of H. pylori infection. Significant decreases in the overall severity of symptoms and in sPGII and sPGI levels were observed after 2 months of the treatment. However, IgG and G-17 values did not significantly decrease after 2 months. The authors of this study concluded that the therapy is not effective for H. pylori eradication. However, significant improvement in dyspeptic symptoms and a reduction of serologic signs of gastric inflammation were observed after 2 months (47) . Additional studies with larger cohorts of participants are necessary to confirm the potential of curcumin in the management of H. pylori infection.
Another study investigated the effect of curcumin on the production of IL-8, IL-1β, TNF-α, and COX-2 in gastric mucosa from 36H. pylori-infected gastritis patients (48) . The patients were randomly assigned to receive either a 1-week course of OAM-based triple regimen (20 mg of omeprazole, 1 g of amoxicillin, and 800 mg of metronidazole, each given orally twice a day) or a 4-week course of turmeric tablets (700 mg containing 40 mg of curcumin, three times a day). Gastric biopsy samples were collected before and after treatment and were examined for the level of inflammatory cytokines. The eradication rate of H. pylori was significantly higher for patients who received OAM treatment than it was for patients who received curcumin. The levels of IL-8 mRNA expression in the OAM group significantly decreased after treatment, but no changes of other cytokines were found. However, decrease in cytokine production was not found in the curcumin group. The study concluded that curcumin alone may have a limited anti-bactericidal effect on H. pylori and on the production of inflammatory cytokines (48) .
Idiopathic Orbital Inflammatory Pseudotumor
Idiopathic orbital inflammatory pseudotumor (IOIP) is a chronic neoplasm-like inflammatory reaction, usually affecting the orbital tissues of both eyes and orbit. Originally characterized in 1905 by Birch-Hirschfeld, the disease constitutes the third most common ophthalmic disorder after Grave's disease and lymphoproliferative disorders (88) . Oral corticosteroids, radiotherapy, or anti-metabolites such as cyclophosphamide are normally used for the treatment of the disease; however, 25% to 50% of patients do not respond (89) . The clinical efficacy of curcumin in the treatment of IOIP was investigated in a study of eight patients (49) , in which curcumin was administered orally at a dose of 375 mg, three times a day, for a period of 6 to 22 months. The patients were followed up for 2 years at 3-month intervals. Five patients completed the study; of these, four recovered completely, and in one patient, the swelling regressed completely but some limitation of movement persisted. Furthermore, the disease did not recur in any of the patients, and curcumin was not associated with any adverse effects. On the basis of these observations, the authors of this study concluded that curcumin could be used as a safe and effective drug in the treatment of IOIP (49) . However, well-controlled multicenter clinical trials are needed to confirm the efficacy of curcumin against IOIP.
Vitiligo
Vitiligo is a skin disorder in which the cells producing pigment (color) in the skin (melanocytes) are destroyed, resulting in white patches that appear on the skin on different parts of the body. Although what causes damage to melanocytes remains unclear, oxidative stress has been implicated in the pathogenesis of the disease (90) . Narrowband UVB (NB-UVB) that uses the portion of the UVB spectrum from 311 to 312 nm is now considered the gold standard treatment for vitiligo (91) . Because of its anti-oxidant property, curcumin seems to be a therapeutic option for the treatment of vitiligo. One study investigated whether the combination of NB-UVB and tetrahydrocurcuminoid cream could result in synergistic therapeutic effects against vitiligo (50) . Ten patients with focal or generalized vitiligo were enrolled in the study. Two similar lesions were treated with either NB-UVB plus topical tetrahydrocurcuminoid cream or with UVB alone. The UVB treatments were given twice a week for 12 weeks. Results indicated a statistically significant repigmentation in both treatment groups compared with baseline on completion of the study. Furthermore, the overall degree of repigmentation was slightly better in the combination group at 8 and 12 weeks, and the tetrahydrocurcuminoid was well-tolerated (50) .
Psoriasis
Psoriasis is a chronic inflammatory skin disease characterized by thick, red, scaly lesions that may appear on any part of the body. The disease exists in five different formsplaque, guttate, inverse, pustular, and erythrodermic-of which plaque psoriasis is most common. The disease affects approximately 2% of the population worldwide and is associated with increased cardiovascular risk (92) . The currently available treatment for psoriasis is time-consuming (UVB or psoralen plus UVA therapy) and has the potential for organ toxicity (methotrexate, acitretin, cyclosporine).
Elevations of activity in PhK, a serine/threonine-specific protein kinase, have been correlated with pathogenesis of psoriasis. Therefore, agents with potential to inhibit PhK activity can be useful for the treatment of psoriasis. One of the early studies from our own laboratory indicated that curcumin is a noncompetitive inhibitor of PhK, with a Ki of 75 μM (93). A different study investigated whether the antipsoriatic activity of curcumin in patients is due to suppression of PhK activity (51) . In this study, PhK activity was assayed in four groups of ten participants each: (1) active untreated psoriasis; (2) resolving psoriasis treated by calcipotriol, a vitamin D 3 analogue and an indirect inhibitor of PhK; (3) curcumin treatment (1% in the gel); and (4) normal nonpsoriatic participants. The PhK activity was highest in active untreated psoriasis and progressively lower in the calcipotriol-treated group, in the curcumin-treated group, and in non-psoriatic participants (Fig. 5a) . The decrease in PhK activity in curcumin-and calcipotriol-treated psoriasis was associated with a decrease in keratinocyte transferrin receptor expression and with decrease in the severity of parakeratosis and the density of epidermal CD8+ T cells. The authors of this study concluded that drug-induced suppression of PhK activity is associated with resolution of psoriatic activity and that the anti-psoriatic activity of curcumin may be achieved through modulation of PhK activity (51) . However, further well-controlled clinical trials are required to confirm these observations.
A phase II, open-label, Simon's two-stage clinical trial sought to determine the safety and efficacy of oral curcumin in patients with moderate to severe psoriasis (52) . Twelve patients with chronic plaque psoriasis were enrolled in the study and were given 4.5-g curcumin capsules every day for 12 weeks, followed by a 4-week observation period. Curcumin was well-tolerated, and all participants completed the study. The response rate was low, however, possibly caused by a placebo effect or the natural history of psoriasis. However, two patients who responded to the treatment showed 83% to 88% improvement at 12 weeks of treatment. Small sample size and the lack of a control (placebo) group were the limitations of the study (52) . Therefore, large placebo-controlled studies are required before recommending oral curcumin for psoriasis.
Dejerine-Sottas Disease
Dejerine-Sottas disease is a severe degenerative form of Charcot-Marie-Tooth disease, a neurological disorder. The disease is characterized by generalized weakness sometimes progressing to severe disability, loss of sensation, curvature of the spine, and sometimes mild hearing loss. The disease is caused by defects in genes of axons and myelin such as myelin P0 (MPZ), peripheral myelin protein 22 (PMP22), PRX, and EGR2. One study assessed the safety of oral curcumin in a 15-year-old Caucasian girl with Déjérine-Sottasdisease (53). The patient received 1.5 g of oral curcumin daily for the first 4 months and 2.5 g/day thereafter, to complete a 12-month trial. After 12 months, the patient experienced no adverse events and reported good compliance. Knee flexion and foot strength increased slightly, but hand and elbow strength decreased. Pulmonary function, hand function, and measures of upper/lower extremity disability were stable or reduced. The neurophysiologic findings of the patient were unchanged. Parent-reported quality of life improved for most domains, especially self-esteem, during the 12 months of treatment. Overall, these results suggest the safety and efficacy of curcumin against Déjérine-Sottas disease (53) . A well-controlled, randomized, large clinical trial is needed to confirm the efficacy of curcumin against this disease.
Alzheimer's Disease
Alzheimer's disease is a progressive neurodegenerative disorder, usually affecting people older than age 65 years. The pathogenesis of Alzheimer's disease involves aggregation of Aβ (especially Aβ ) into fibrils, formation of amyloid plaques, and deposition of these plaques into the brain. These plaques are believed to cause the loss of cholinergic neurons in the basal forebrain of patients with Alzheimer's disease (94) . The currently available treatments for this disease have numerous adverse effects, thus underscoring the need for alternative approaches. A phase II, randomized, doubleblind, placebo-controlled study in the United States was designed to evaluate the safety and tolerability of curcumin in patients with mild to moderate Alzheimer's disease (54) . A total of 33 patients who were enrolled in the study were randomly assigned to a placebo group, low-dose curcumin group (2 g/day), or high-dose curcumin group (4 g/day). After 24 weeks, the patients who were receiving curcumin continued the treatment at their assigned dose, whereas those who were receiving the placebo were given one of the two doses of curcumin. The study examined the safety, tolerability, pharmacokinetics, and efficacy of curcumin in patients with Alzheimer's disease, as well as the effects of curcumin on biomarkers associated with the pathology of this disease. Although the study has been completed, the observations have yet to be published (54).
Baum et al. (55) conducted a randomized, doubleblind, placebo-controlled study in 34 patients with Alzheimer's disease. The study participants were randomly assigned to receive curcumin at two different doses (1 or 4 g) or placebo (4 g). The Mini-Mental State Examination (MMSE) score that assesses mental status was not improved after curcumin treatment. Similarly, the level of serum Aβ40 was not affected by curcumin treatment. However, curcumin administration was associated with an increase in vitamin E level, and curcumin did not cause any adverse effects. These authors concluded that the anti-oxidant activity of curcuminoids might decrease the need for anti-oxidant vitamin E (55). These observations support the opening of a clinical trial of curcumin against Alzheimer's disease using large numbers of patients.
Acute Coronary Syndrome
Acute coronary syndrome (ACS) refers to a situation in which the blood supply to the myocardium is cut off. ACS encompasses three clinical conditions involving the coronary arteries: ST elevation myocardial infarction (STEMI), non-ST elevation MI, and unstable angina. Dyslipidemia and hyperglycemia are characteristic features of patients with ACS (95) . A randomized, double-blind, controlled trial from Jakarta evaluated the effects of curcumin on total cholesterol, LDL cholesterol, HDL cholesterol, and triglyceride levels in patients with ACS (56). A total of 70 patients were assigned to four different groups: placebo, low-dose (45 mg/day), moderate-dose (90 mg/day), and high-dose (180 mg/day) curcumin. The curcumin was administered orally to the patients for 2 months. Low-dose curcumin was highly effective, compared with high-dose curcumin, in reducing total cholesterol and LDL cholesterol in patients. Conversely, low-dose curcumin increased HDL cholesterol to a greater extent than did the high-dose. The increase in triglyceride content by curcumin was greatest at the moderate dose, however. These studies suggest the beneficial effects of curcumin in improving lipid profiles in patients with ACS (56) . However, improving the lipid profile does not necessarily mean that curcumin is effective against ACS. Further studies are required to demonstrate whether curcumin can suppress ACS in patients.
Atherosclerosis
Atherosclerosis is a condition in which fatty materials such as cholesterol accumulate and thickens the artery wall (96) . This is a chronic disease that normally remains asymptomatic for decades. One study evaluated the effects of curcumin in reducing the serum levels of cholesterol and lipid peroxides in ten healthy human volunteers (57) . Curcumin (at 0.5 g/day) administered to the volunteers for 7 days reduced serum lipid peroxides by 33% and total serum cholesterol levels by 11.63%, and increased HDL cholesterol by 29% (Fig. 5b) . Because of these properties, curcumin was suggested to act as a chemopreventive agent against atherosclerosis.
Diabetes
Diabetes mellitus (DM) is a chronic metabolic disease in which a person has high concentrations of blood sugar. The high blood sugar in turn produces symptoms of polyuria, polydipsia, and polyphagia. Three main types of diabetes are type 1, type 2, and gestational diabetes. Type 1 result from the body's failure to produce insulin, whereas in type 2 diabetes (T2DM) the body fails to use insulin properly. Extensive research over the past several years has indicated that proinflammatory cytokines and oxidative stress play a role in the pathogenesis of T2DM (97) . Because of its anti-inflammatory property, curcumin represents a promising therapeutic option for T2DM. Curcumin's ability to decrease blood sugar levels in human patients was first reported in 1972 (58) . A male patient who had diabetes for 16 years ingested 5 g of turmeric powder over a period, after which his fasting blood sugar decreased from 140 to 70 mg/dl. Ingestion of turmeric or curcumin along with insulin synergistically reduced the blood sugar level. Furthermore, when the insulin dosage was decreased to the minimum, the anti-diabetic effect of turmeric was persistent. Interestingly, when the ingestion of curcumin and turmeric was discontinued for a week, random blood sugar levels increased to 140 mg/dl. Therefore, ingestion of a daily 5-g dose of turmeric was resumed, which promptly reduced the fasting blood sugar level to 110 mg/dl. Blood urea in this patient after 3 months of turmeric therapy was 20 to 22, and the patient's electrocardiogram was normal. Turmeric therapy was not associated with any palpable adverse effects; rather, the beneficial effects of turmeric as a good appetite stimulant and effective laxative were observed (58).
Usharani et al. (59) evaluated the potential of a standardized preparation of curcuminoids (NCB-02) against various oxidative stress and inflammatory markers in patients with T2DM. Seventy-two patients with T2DM were randomly assigned to receive NCB-02 (300 mg of curcumin, twice a day), atorvastatin (10 mg, once a day), or placebo for 8 weeks. Of the 72 patients, 67 completed the study. Curcumin treatment significantly improved endothelial function and reduced oxidative stress (MDA) and inflammatory markers (IL-6, TNFα, endothelin-1) in these patients. Larger, randomized clinical trials should further confirm the observations of this proof-of-concept study.
Another study examined the effects of C. longa on postprandial plasma glucose and insulin levels and the glycemic index in healthy participants (60) . Fourteen healthy participants were assessed in a crossover trial. The study found that ingestion of C. longa increased postprandial serum insulin levels but had no effect on plasma glucose levels or the glycemic index in these healthy participants. The study concluded that C. longa might have an effect on insulin secretion (60) .
More recently, a randomized, double-blind, placebocontrolled clinical trial assessed the efficacy of curcumin in delaying development of T2DM in the prediabetes population (61) . A total of 240 participants were randomly assigned to receive either curcumin (1.5 g/day) or placebo capsules, and changes in β cell functions (homeostasis model assessment [HOMA]-β, C-peptide, and proinsulin/insulin), insulin resistance (HOMA-IR), and anti-inflammatory cytokine (adiponectin) levels were monitored at the baseline and at 3, 6, and 9 months of treatment. After 9 months of treatment, 16.4% of participants in the placebo group were diagnosed with T2DM, whereas none were diagnosed with T2DM in the curcumin-treated group (Fig. 6a) . In addition, the participants of curcumin-treated group showed a better overall function of β cells, with higher HOMA-β and lower C-peptide levels. The curcumin-treated participants also exhibited a lower level of HOMA-IR and higher adiponectin when compared with the placebo group. The authors of this study concluded that the curcumin may be beneficial in a prediabetes population (61).
Type 2 Diabetic Nephropathy
End-stage renal disease due to type 2 diabetic nephropathy is a very common condition that is associated with high worldwide levels of mortality and morbidity. Both proteinuria and TGF-β may contribute to the development of end-stage renal disease in patients with diabetic nephropathy. One study investigated the effects of turmeric on serum and urinary TGF-β, IL-8, and TNF-α, as well as proteinuria, in patients with overt type 2 diabetic nephropathy (62) . The study consisted of 40 patients with overt type 2 diabetic nephropathy who were randomly assigned to either the trial group (n020) or the control group (n020). Each patient in the trial group received one capsule (containing 500 mg of turmeric, three times a day) with each meal for 2 months; the control group received placebo capsules containing starch for the same 2 months. Serum concentrations of TGF-β and IL-8 and urinary protein excretion and IL-8 were significantly decreased after turmeric supplementation in comparison with the pre-supplementation values. No adverse effects related to turmeric supplementation were observed during the trial. The authors of this study concluded that short-term turmeric supplementation can attenuate proteinuria, TGF-β, and IL-8 in patients with overt type 2 diabetic nephropathy and can be administered as a safe adjuvant therapy for these patients (62) . However, long-term trials with larger numbers of patients are needed to confirm whether turmeric's effects on renal function are transient or long-lasting.
Diabetic Microangiopathy
Microangiopathy is a disease of the small blood vessels (capillaries), in which the capillary walls become so thick and weak that they bleed, leak protein, and slow the flow of blood. Hyperglycemia in patients with poorly controlled diabetes induces biochemical and molecular changes in microvascular cells that lead to retinal, renal, and neural complications and ultimately extend to other complications, including advanced periodontal disease. The treatment of diabetic microangiopathy is based on control of glycemia, lipemia, and blood pressure using glitazones, angiotensin II receptor antagonists, and statins (98) .
One study evaluated the potential of Meriva in improving diabetic microangiopathy (63) . In these patients, the disease was associated with microcirculatory alteration that was managed without insulin for at least 5 years. All patients were treated with what could be considered the best treatment protocol for the disease. In the treatment group, Meriva (1 g/day) was added as a supplement to the standard treatment for 4 weeks and was well-tolerated, with no dropouts reported, and all participants in the treatment and control group completed the study. In the treatment group, at 4 weeks, microcirculatory and clinical evaluations indicated a decrease in skin flux at the surface of the foot, an indicator of an improvement in microangiopathy. Also, a significant decrease in the edema score and a corresponding improvement in the venoarteriolar response were observed. An increase in PO 2 , possibly due to better oxygen diffusion into the skin and decreased edema, was observed. These features were observed in all participants using Meriva, whereas no clinical or microcirculatory effects were observed in the control group (63) .
These results suggest the usefulness of Meriva for the management of diabetic microangiopathy and open a window of opportunities for the evaluation of curcumin's efficacy in more prolonged and larger studies. 
Lupus Nephritis
Lupus nephritis is an autoimmune disease characterized by polyclonal B cell hyperactivity and defective T cell function. The disease is responsive to immunosuppressive and steroid therapy, but sometimes the disease relapses. The effect of oral turmeric supplementation on 24 patients with relapsing or refractory biopsy-proven lupus nephritis was investigated in a randomized and placebo-controlled study (64) . The patients in the trial group were given one capsule containing 500 mg of turmeric with each meal for 3 months. The patients in the control group received capsules containing starch that were identical in color and size to the turmeric capsules. A significant decrease in proteinuria was observed in the trial group compared with the control group. Turmeric supplementation significantly lowered systolic blood pressure and hematuria in patients. It was concluded that short-term turmeric supplementation can decrease proteinuria, hematuria, and systolic blood pressure in patients with relapsing or refractory lupus nephritis and can be used as a safe adjuvant therapy for such patients (64) . Long-term clinical trials with larger numbers of patients are required to further clarify these effects of turmeric.
Renal Transplantation
Renal transplantation is the transplantation of a kidney into a patient with end-stage renal disease. Kidneys for transplantation come from a living donor or a deceased (cadaver) donor. Delayed graft function is a common occurrence in cadaveric renal transplantation and has been linked to increased rates of acute rejection and reduced graft survival (99) . One study examined the effects of curcumin and quercetin on early graft function in 43 dialysis-dependent cadaveric kidney recipients (65) . Curcumin (480 mg) and quercetin (20 mg) were given in a single capsule to the patients for 1 month after surgery. The patients were randomly assigned to three groups: control (placebo), lowdose (one capsule, one placebo), and high-dose (two capsules). Delayed graft function was defined as dialysis need in the first week, slow graft function as failure of creatinine levels to decrease within the first 48 hand/or creatinine >2.5 mg/dl by day 10, and early function as the rest of the patients. There were four withdrawals: one by patient choice and three for urine leak. Results indicated that two patients in the control group exhibited delayed graft function, which was completely absent in either of the treatment groups. Incidences of early function were 43% in the control group, 71% in the low-dose group, and 93% in the high-dose group. Serum creatinine was significantly lower at 2 days (control, 7.6±2.1; low, 5.4±0.6; high, 3.96±0.35) and at 30 days (control, 1.82±0.16; low, 1.65±0.09; high, 1.33±0.1). The incidences of acute rejection within 6 months were14.3% in the control and low-dose groups and 0% in the high-dose group. Tremor was detected in 13% of the high-dose group and in 46% of the control and low-dose groups. Furthermore, urinary HO-1 activity was increased in a dose-dependent manner in the treatment groups. The authors of this study concluded that curcumin and quercetin can improve early outcomes in cadaveric renal transplantation, possibly through induction of HO-1 (65) .
Acquired Immunodeficiency Syndrome
Acquired immunodeficiency syndrome (AIDS) is caused by the human immunodeficiency virus (HIV), which interferes with and weakens the immune system. The virus primarily infects vital components of the human immune system, such as CD4+ T cells, macrophages, and dendritic cells. The virus directly and indirectly destroys CD4+ T cells. Current treatment for HIV infection consists of highly active anti-retroviral therapy. A clinical trial from New England examined the effectiveness of curcumin as an anti-viral agent in 40 AIDS patients (66) . Two participants dropped out due to adverse events unrelated to the curcumin study. Of the remaining 38 patients, 23 were randomly assigned to a highdose group (2.5 g/d) and 15 to a low-dose group. The treatment was continued for 8 weeks. No evidence of curcumin-associated reduction in viral load was observed. CD4 cells showed a slight increase in the high-dose group and a consistent decrease in the low-dose group. However, none of the results was statistically significant. Despite the lack of apparent anti-viral or CD4 effects, most participants liked taking curcumin because they felt better (66) . It is likely that curcumin could provide benefits in unknown ways.
β-Thalassemia
β-Thalassemia is an inherited blood disorder in which the body makes an abnormal form of β-chains of hemoglobin (Hb). The disorder results in excessive destruction of RBCs, which leads to anemia. In Southeast Asians, HbE, a common Hb variant, is normally associated with the β-thalassemia phenotype. Disturbances in oxidative stress and in the antioxidant defense system are commonly reported in patients with β-thalassemia (100). One study examined whether measures of oxidative stress can be ameliorated after treatment with curcumin in patients with β-thalassemia (67). Twenty-one patients were given curcuminoids (500 mg/d) for 12 months. Blood was collected every 2 months during treatment and 3 months after withdrawal and was analyzed for MDA, superoxide dismutase, glutathione peroxidase (GSH-Px), and reduced GSH in RBCs, as well as nontransferrin-bound iron in serum. An increase in oxidative stress was reported, as indicated by higher levels of MDA, superoxide dismutase, and GSH-Px in RBCs, higher nontransferrin-bound iron in serum, and lower levels of RBC GSH in patients. Curcuminoid administration was associated with improvement in these measures. Furthermore, 3 months after withdrawal of curcuminoid treatment, all measures returned close to baseline levels. The authors of this study concluded that curcuminoids may be used to ameliorate oxidative damage in patients with β-thalassemia. However, further studies are required to demonstrate whether improvement in these parameters by curcuminoids is associated with improvement in symptoms of β-thalassemia.
Biliary Dyskinesia
Biliary dyskinesia is a motility disorder that affects the gallbladder and sphincter of Oddi. The disease is often associated with right upper abdominal pain. A multicenter pilot study analyzed the effects of dried Curcuma extracts on abdominal pain in the right upper quadrant due to biliary dyskinesia (68) . The extract was given to 39 patients and placebo to 37 patients for 3 weeks. Pain reduction was more rapid during the first treatment week in patients who received the extract than in the control group. Secondary variables such as food intolerance, nausea, vomiting, and meteorism were also improved in the extract-treated patients during the whole treatment period, and the extract was not associated with any adverse effects. Thus, this study provides evidence for the beneficial effects of Curcuma extract on pain due to biliary dyskinesia (68) . However, how the extract mediates pain-relieving activity remains to be investigated.
Gallbladder Contraction
The gallbladder is a very small but important organ that serves as a reservoir for bile, which it helps to release into the small intestine to digest fats. The need for bile in the small intestine is signaled by a hormone called cholecystokinin, which causes the gallbladder to contract and deliver bile into the intestine. Alterations in gallbladder contraction may contribute to pathological conditions such as cholesterol gallstone formation and cholecystitis. Gallbladder contraction can be stimulated by using synthetic hormones such as cholecystokinin, caerulein, and motilin and cholinomimetic drugs such as bethanechol, neostigmine, and erythromycin (101) . A randomized, double-blind, crossover study compared the effect of 20 mg of curcumin or placebo on the gallbladder volume of 12 healthy volunteers (69) . Ultrasonographic examination was carried out serially to measure the gallbladder volume. The gallbladder volume was reduced within the period after curcumin administration. The percentages of gallbladder volume reduction at 0.5, 1, 1.5, and 2 h after curcumin administration were 11.8%, 16.8%, 22%, and 29.3%, respectively. These results suggest the ability of curcumin in stimulating gallbladder contraction and reducing the risk of gallstones formation (69) . Further dose-response studies are required to determine the optimal dose of curcumin that can induce further increase in contraction.
Recurrent Respiratory Tract Infections
Recurrent respiratory tract infections (RRTIs) are common diseases in childhood and constitute a serious problem worldwide. The anti-inflammatory or anti-bacterial drugs used for these infections are often associated with adverse effects and contribute to the selection of drug-resistant microorganisms. One study examined the clinical and immunologic effects of lactoferrin and curcumin (LC) oral supplementation in healthy children with RRTIs (70) . Ten children with RRTIs received LC orally at 1 g (900 mg lactoferrin plus 100 mg curcumin) every 8 h for 4 weeks. Administration of LC was associated with reduction in RRTIs and beneficial immune-modulatory effects in children. Randomized clinical trials will further validate the possible effects of LC in reducing RRTIs.
ATT-Induced Hepatotoxicity
Although isoniazid, rifampicin, pyrazinamide, and ethambutol are used as anti-tuberculosis treatment (ATT), the associated hepatotoxicity represents a major disadvantage. The exact mechanism of ATT-induced hepatotoxicity is unknown, but oxidative stress, choline deficiency, reduced glutathione level, and activation of CYP2E1 may play crucial roles. Occurrences of such hepatotoxicity are normally managed by stopping the drug use and reintroducing the same drug after normalization of liver enzymes. Adhvaryu et al. (71) conducted a randomized controlled clinical trial to evaluate the efficacy of C. longa in controlling hepatotoxic episodes in patients with a diagnosis of tuberculosis who were undergoing ATT. A total of 528 patients participated in the study. The patients were randomly assigned to a control group (200patients) and a trial group (328patients), from which 192 and 316 patients, respectively, completed the study. The ATT consisted of isoniazid, rifampicin, pyrazinamide, and ethambutol for the first 2 months followed by continuation phase therapy that excluded pyrazinamide for 4 months. In the treatment group, patients were given curcuminenriched (25%) C. longa and Tinospora extract (1 g/d each) along with ATT. Only 2 of the 316 patients from the trial group and 27 of 192 patients from the control group developed hepatotoxicity. There were increases in liver aspartate transaminase (AST), alanine transaminase (ALT), and bilirubin concentrations in the control group but not in the treatment group. Furthermore, significant weight gain and a decreased erythrocyte sedimentation rate were observed in the treatment group compared with controls (Fig. 6b) . The authors of this study concluded that C. longa can be used as an adjuvant to prevent ATT-associated hepatotoxicity. However, more clinical trials are required to determine the effectiveness of curcumin in latent tuberculosis cases and multidrug-resistant cases.
Chronic Arsenic Exposure
Groundwater arsenic contamination is a global threat to human health and is associated with carcinogenic effects. The biggest cases of groundwater arsenic contamination can be found in Bangladesh and in West Bengal in India. The carcinogenic effects of arsenic are likely mediated through oxidative DNA damage. Therefore, agents with antioxidant capacity may have potential against arsenic-induced genotoxic effects. A field trial from West Bengal evaluated the role of curcumin against the genotoxic effects of arsenic (72) . A total of 286 volunteers exposed to groundwater arsenic were recruited into the study. The participants were randomly assigned to a placebo group (143 persons) and a curcumintreated group (143 persons). Curcumin was given at a dose of 500 mg twice daily for 3 months in combination with piperine. DNA damage in lymphocytes was assessed by the comet assay and fluorescence-activated DNA unwinding assay. Curcumin was analyzed in blood by high-performance liquid chromatography. Arsenic-induced oxidative stress and curcumin's antagonistic role were evaluated by measuring reactive oxygen species (ROS) generation, lipid peroxidation, and protein carbonyl contents. The blood samples from this arsenic-exposed population showed severe DNA damage with increased levels of ROS and lipid peroxidation. Three months of curcumin intervention reduced the DNA damage and retarded ROS generation and lipid peroxidation. Curcumin treatment was also associated with significant enhancement in the levels of such anti-oxidants as catalase, superoxide dismutase, glutathione peroxidase, and glutathione. The authors of this study concluded that curcumin may have some protective role against arsenic-induced DNA damage (72) .
Alcohol Intoxication
Theracurmin, a highly absorptive curcumin dispersed with colloidal nanoparticles, was recently shown to exhibit an inhibitory action against alcohol intoxication in humans (73) .
Chronic Bacterial Prostatitis
Chronic bacterial prostatitis (CBP) is a persistent infection of the prostate gland characterized by poor quality of life. Both gram-negative (102) and gram-positive bacteria are involved in the pathogenesis of CBP (103) . Current treatments for CBP include use of antibiotics that penetrate the prostate and kill the causative organisms. However, poor penetration of antibiotics to the prostate tissue, drug resistance of uropathogens, and the adverse effects associated with antibiotic treatment necessitate alternative approaches for CBP treatment. A randomized, long-term follow-up study evaluated the efficacy of combinations of Serenoarepens (160 mg) plus Urticadioica (120 mg) (ProstaMEV®), and curcumin (200 mg) plus quercetin (100 mg) (FlogMEV®) in improving the efficacy of prulifloxacin in patients with CBP (74) . A total of 143 CBP patients divided into two groups (A and B) were enrolled in this study and received prulifloxacin (600 mg) daily for 14 days. A total of 106 patients in group A received prulifloxacin in combination with ProstaMEV® and FlogMEV® whereas 37 patients in group B received only antibiotic therapy. One month after treatment, 89.6% of patients in group A reported no symptoms associated with CBP, whereas only 27% of patients who received antibiotic therapy alone were recurrence-free. Significant differences were found between groups in terms of symptoms and improvements in quality of life. Six months after treatment, no patients in group A had recurrence of disease, whereas two patients in group B did. It was concluded that Prosta-MEV® and FlogMEV® can improve the clinical efficacy of prulifloxacin in patients with CBP (74) . However, the relative contribution of curcumin in improving CBP symptoms was not evaluated.
ONGOING CLINICAL TRIALS
Although numerous clinical trials have been completed, some are still evaluating the efficacy of curcumin against human ailments. A search on www.clinicaltrials.gov (accessed in February 2012) indicated that about 35 clinical trials with curcumin are ongoing. The most common human diseases for which curcumin is being evaluated are cancer, IrBS, inflammatory conditions, arthritis, neurological conditions, and diabetes (Table III) . Although curcumin is being evaluated all over the world, most of these clinical trials are from the United States. A team from the University of Leicester, UK, and Cancer Research UK has planned to initiate a clinical trial that will examine whether curcumin can improve response to chemotherapy (FOLFOX; combinations of 5-FU, leucovorin, and oxaliplatin) in patients with advanced bowel cancer (104) . This 2-year trial will recruit 42 patients with bowel cancer that has metastasized to the liver; 75% will receive curcumin for 7 days, followed by FOLFOX, and the remainder will receive FOLFOX only. Some clinical trials, such as one from India for Alzheimer's disease and one from James Graham Brown Cancer Center in the United States are still recruiting patients. The estimated primary completion times for most of these ongoing clinical trials range from 6 months to 10 years. These trials for various diseases are in different phases and are using curcumin mostly in the form of nanoparticles, capsules, tablets, powder, and solutions. Doses ranging from 0.18 to 8 g/day are being used in these trials. For some diseases, curcumin is being administered in combination with other agents and therapies such as chemotherapeutics, radiation, and other nutraceuticals. These ongoing clinical trials are expected to provide a deeper understanding of curcumin's efficacy and mechanism of action against human diseases.
ADVERSE EVENTS ASSOCIATED WITH CURCUMIN
Although curcumin has been shown to exhibit beneficial activities in a plethora of human diseases with minimal toxicities, some investigators have reported undesired adverse effects associated with this polyphenol. Lao et al. (105) conducted a dose-escalation study to determine the maximum tolerable dose and safety of a single oral dose of curcumin in 34 healthy volunteers. The volunteers were given escalating doses of curcumin ranging from 500 to 12,000 mg, and safety was assessed for 72 h after administration. Twenty-four participants completed the trial, seven of whom experienced minimal toxicity that did not appear to be dose-related. More specifically, these seven participants experienced diarrhea, headache, rash, and yellow stool.
In another study, curcumin at doses ranging from 0.45 to 3.6 g/day for 1 to 4 months was associated with nausea and diarrhea and caused an increase in serum alkaline phosphatase and lactate dehydrogenase contents in human participants (14) . In patients with high-risk or premalignant lesions, doses of curcumin above 8 g/day were unacceptable to patients because of the bulky volume of the tablets (28) . In one study of patients with advanced pancreatic cancer, 5 of the 17 patients receiving curcumin (8 g/day) in combination with gemcitabine reported intractable abdominal pain after a few days to 2 weeks of curcumin intake (20) . Thus, more studies are required to evaluate the long-term toxicity associated with curcumin before it can be approved for human use.
CONCLUSIONS
Subsequent to the first seminal paper published in 1949 in Nature, numerous preclinical studies have provided a solid basis for examining curcumin's efficacy against human diseases. As discussed in this review, curcumin has shown therapeutic potential against a number of human diseases. Common to all of these studies have been the safety, tolerability, and non-toxicity of this polyphenol, even at doses up to 8 g per day. The underlying mechanism for curcumin's clinical efficacy seems to be modulation of numerous signaling molecules. However, because of the complex nature of the diseases, the underlying mechanism in many cases remains unclear.
From the findings of the completed clinical trials, it may seem that curcumin's clinical efficacy is too good to be true. However, this polyphenol has not yet been approved for human use. Poor bioavailability and limited adverse effects reported by some investigators are a major limitation to the therapeutic utility of curcumin. We hope that the results from ongoing clinical trials will provide a deeper understanding of curcumin's therapeutic potential and will help to place this fascinating molecule at the fore front of novel therapeutics.
